Scientific use of pesticides can not only improve the effective utilization rate, but also reduce environmental pollution. As an important index to evaluate the effective utilization of pesticides, it is very important to measure the deposition of pesticides on crop surface quickly and accurately. Compared with the traditional manual sampling or sensor detection methods, the linear relationship model between the operating parameters such as flight speed, total flow rate of nozzle, spray volume per mu, spray amplitude and pesticide deposition by collecting spray parameters of UAV for plant protection was proposed, and the spray deposition of different parts of the wheat was predicted. Comparing with the collected samples data, the predicted results of the model shows that the intelligent algorithm is feasible and effective. It can provide an important basis for reducing pesticide application and further achieving precision spraying.
Introduction
Although China is a large agricultural country, its per capita cultivated land area is lower than the world average level due to its population ranking first in the world [1, 2] . In order to prevent the damage of diseases and insect pests on crops and ensure the yield of crops, pesticides and chemical fertilizers have been widely used in agricultural production. Excessive use of pesticides and fertilizers not only destroys the ecological balance, but also is not conducive to the sustainable development of agriculture [3] [4] [5] [6] . In order to effectively solve this problem, the government issued the plan for zero growth of pesticide use by 2020 on February 17, 2015, aiming to improve the effective utilization rate of pesticides, reduce agricultural production costs, protect the natural environment and promote the sustainable development of ecological environment [7] .
In the process of agricultural production, the effect of pesticide deposition, as an important index to evaluate the efficiency of pesticide use, has become an important index value that must be collected to promote green agricultural production [8] [9] [10] [11] [12] [13] . Traditional detection methods of pesticide deposition amount include elution method and water sensitive paper method. This method mainly measures the deposition amount after spraying operation. Although the detection accuracy of this method is high, it cannot provide the deposition amount data in real time during the operation process, resulting in uneven spraying and repeated use in some regions, resulting in environmental pollution [14] [15] [16] [17] . With the rapid development of Internet of things technology, sensor technology has been gradually introduced into the detection of pesticide deposition. This method realizes the real-time detection of deposition in the process of operation and provides an important foundation for precise spraying. However, due to the research of real-time sensor detection technology for the deposition of UAV spraying is still in its infancy, and affected by its own accuracy and other issues, it has not been widely used Extensive use requires continuous improvement [18, 19] .
Based on the artificial intelligence algorithm, the linear relationship between the operational parameters of UAV, such as flight speed, total flow of nozzles, number of nozzles, spray volume per mu and spray amplitude, and the pesticide deposition amount of wheat ear, upper part, middle part and lower part was established by analyzing the collected data of UAV plant protection operation Measurement. This method can help to achieve the precise control of the dosage before the UAV plant protection operation, avoid repetitive operation, reduce the operation cost, reduce environmental pollution, make up for the shortcomings of laboratory and sensor detection methods, and improve the operation efficiency.
Materials and methods

Experimental data
The data of this study come from the operation data of spraying Bainongaikang 58 wheat in the period of flowering and filling by using plant protection UAV in Xinxiang comprehensive experimental base of Chinese Academy of Agricultural Sciences on April 20-21, 2017. The data of drug deposition was measured after the operation. The operation data include UAV flight speed, total flow rate, number of nozzles, spray volume per mu and spray amplitude. The amount of liquid medicine deposition in each part was obtained by the method of tracer measurement. This method adds a certain concentration of alluring red solution to the liquid medicine, and then spray it. Through elution, the absorption value of alluring red on crops is measured by spectrophotometer, according to the standard Curve calculation of deposition. In this study, 60 groups of liquid medicine deposition in different parts of wheat were selected as experimental data, including 15 groups in ear, upper, middle and lower parts.
Prediction model of liquid medicine deposition
Due to the small sample size, it is suitable to select machine learning mode for analysis. The multiple linear regression algorithm [20, 21] is selected, and the UAV flight speed, total nozzle flow, number of nozzles, Mu spray volume and spray amplitude are used as the independent variable input models to respectively predict the liquid deposition of wheat ear, upper part, middle part and lower part. In the model, X and Y represent input and output variables respectively. In multiple linear regression, they are multidimensional vectors, as shown below:
where, x 1 represents the flight speed; x 2 represents the total flow of nozzles; x 3 represents the number of nozzles; x 4 represents the spray volume per mu, and x 5 represents the spray amplitude.
where, θ represents the coefficient of the fitting function.
where, y is the deposition. (4) is a fitting function of the algorithm, which can be decomposed into polynomials as follows:
where, ˆi y is the predicted value; x 0 is the constant 1, and x n is the input independent variable. For a single piece of data, the relationship between the real value and the predicted value is as follows:
where, j(i) represents the difference between the real value and the predicted value, and the smaller the value is, the better. For the total data set, when the square function of the error, namely the loss function, reaches the minimum value, the model converges, and the loss function formula is as follows:
where, J represents the loss function value. The goal is to find a set of suitable fitting function coefficients θ, so that J value is as small as possible, that is, the predicted result after fitting is closest to the real value.
Prediction and analysis 3.1 Sedimentation prediction
The 60 groups of data selected are divided into four parts, i.e. wheat ear, upper part, middle part and lower part, according to the different collection positions of chemical deposition. Each part has 15 groups of data, 10 of which are training data sets and 5 of which are test data sets. The agent deposition prediction algorithm is divided into three stages: initialization data, training model and prediction deposition. The specific flow is shown in Figure 1 . Line 1 completes the input of training data set, and lines 2-3 completes the normalization of training data set. The formula is as follows: (8) where, is the value after normalization; v i is the original value, and max(v) is the maximum value of the data.
Lines 4-11 initialize the fitting function coefficient θ to a random number close to 0. Line 12 sets the number of model training to 20000.
B. Phase 2 Phase 2 optimizes the value of fitting function coefficient θ through continuous iteration. In this study, when the iteration error is 0.1, or the iteration reaches 20000 times, J(θ 1 θ 2 θ n ) obtains the expected value, achieves convergence and completes the model construction.
The updating process of the fitting function coefficient θ is as follows:
1) Substitute θ into formula (5) to calculate the predicted value; 2) Substitute the predicted value and the real value into formula (6) to get the error;
3) Put the error into formula (7) to calculate the total loss value;
4) The loss function J(θ 1 θ 2 θ n ) is derived. The specific 
where, ∝ is the learning rate. In order to achieve better optimization effect, ∝ is taken as 0.005 in this study. Table 4 -7 and Figure 2-5 show the real value, predicted value, predicted error, error rate and predicted effect chart of the five groups of test data sets of wheat ear, upper part, middle part and lower part, in which the ear error rate ranges from 4.35% to 12.83%, the upper error rate ranges from 4.35% to 25.44%, the middle error rate ranges from 0.78% to 15.69%, and the lower error rate ranges from 0.78% to 15.69% in the range of 0.57% to 14.58%, the overall effect of the prediction of the drug deposition in each part is middle > lower > ear > upper. The prediction results of the chemical deposition amount of different parts of Wheat by multiple linear regression algorithm show that the prediction accuracy is high and the prediction effect is good. The model is suitable for the small sample prediction of the chemical deposition amount of wheat UAV after the application of chemical in the flowering and filling stage. The study selects the neural network algorithm and multiple linear regression algorithm to conduct comparative experiments. According to Tables 4-7, under the same experimental environment and test data scale, the error of the deposition amount of each part of wheat predicted by the neural network algorithm is greater than the multiple linear regression algorithm used in this study.
Results and analysis
Conclusions
We have proposed a prediction model of the deposition amount of the spray liquid of UAV, based on multiple linear regression algorithm, the speed, the total flow rate, the number of sprayers, the amount of spray per mu, the spray amplitude and the amount of liquid deposition in different parts of the 60 groups of wheat were trained by using the operation data of the UAV to spray the wheat during the flowering and filling period and the amount of liquid deposition in each part of the 60 groups of wheat. Therefore, we can use the spraying data of UAV for plant protection to predict the deposition of chemical solution after operation, and provide important basis for pesticide reduction and precision spraying.
However, the research data is mainly from an experiment, so the influence of the number of samples, different growth periods of crops, different meteorological environment and other factors has not been considered in the algorithm. The future work will focus on solving these problems. Through the continuous improvement of the influence factors and the continuous optimization of the algorithm, a more accurate prediction model for the deposition amount of the spray solution of UAV will be built on the basis of multiple samples. can, Li Yanshang, Cheng Yunwei, Fang Haijun, Wang Pu). Thanks to national aviation plant protection science technology innovation alliance and Xinxiang comprehensive experimental base of Chinese Academy of Agricultural Sciences for strong support.
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